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(54) METHOD OF DIRECTIONAL RECEPTION USING ARRAY ANTENNA, AND ADAPTIVE ARRAY 
ANTENNA UNIT 



(57) When carrying out directive reception using an 
adaptive array antenna apparatus, a plurality of diversity 
reception circuits which differ in communication environ- 
ment follow-up performance are used for reception and 
the reception output with the best reception quality is 
selected. The environment follow-up performance of the 



other non-selected diversity reception circuits is dynam- 
ically changed, preferably every time a selection is 
made by a selector based on the environment follow-up 
performance of a selected diversity reception circuit. 
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Description 

Technical Field 

5 [0001] The present invention relates to a directive reception method using an array antenna and an adaptive array 
antenna apparatus. 

Background Art 

10 [0002] One of directivity antennas used in the digital radio communication field such as CDMA (Code Division Multiple 
Access) is an adaptive array antenna. 

[0003] The adaptive array antenna is an antenna system that allows directivity to be changed by adaptively controlling 
the amplitude and phase of signals received through a plurality of antennas placed at regular intervals or signals to be 
transmitted through those antennas according to the communication environment This provides effects such as 
is enhancing the effect of eliminating interference or selectively receiving only a radio wave coming from a specific direc- 
tion via a predetermined path, that is, reception based on a RAKE system. 

[0004] However, implementing a practical adaptive array antenna requires overcoming numerous problems. In mobile 
bodies such as automobiles in particular, which change their position each moment, it is not easy to achieve high-speed 
and high-accuracy adaptation to a communication environment at the same time. 

20 [0005] That is, if a mobile body on the transmitting side is movi ng, the receiving side must change reception directivity 
quickly to adapt itself to changes in the communication environment. However, the greater the variation in reception 
directivity per unit time by attaching importance to high-speed follow-up, the lower the accuracy of convergence to a tar- 
get control value becomes. On the contrary, attaching importance to the accuracy of convergence may allow accurate 
convergence to a target control vaiue, but would require longer time to converge. 

25 [0006] Thus, when carrying out adaptive diversity reception, it is an important issue to determine the level of adapta- 
bility to the communication environment. However, a mobile body in mobile ratio communications may be stationary or 
moving slowly or fast and the direction of an incoming radio wave changes ail the lime, which makes it difficult to imple- 
ment optimum follow-up to the communication environment. 

30 Disclosure of Invention 

[0007] It is one of the objectives of the present invention to provide a method and apparatus that will quickly follow up 
changes in a communication environment in mobile radio communications, etc. and realize accurate directive reception 
at the same time 

35 [0008] A directive reception method using an array antenna system of the present invention operates a plurality of 
diversity reception circuits with different environment follow-up characteristics placed in parallel and selects one of the 
outputs of the diversity reception circuits as a reception signal. Each of a group of diversity reception circuits with differ- 
ent communication environment follow-up characteristics operates so as to follow up the communication environment 
and the most appropriate one of the resultant reception signals is selected, achieving high-speed and high-accuracy 

40 directive reception. 

[0009] A preferred mode of the present invention dynamically updates the environment follow-up characteristics of 
other diversity reception circuits based on the environment follow-up characteristic of the selected diversity reception 
circuit. The environment follow-up characteristics can be updated by changing parameter values that determine the 
environment foltow-up characteristics, 

45 [0010] In another preferred mode of the present invention, when changing the values of parameters that determine 
the environment follow-up characteristics, suppose the value of a basic parameter is ftl* and jxA and jjiB that satisfy a 
relationship of jxA <jaT <\iB are obtained and at least one of fxA or jxB is used as a parameter value of another diversity 
reception circuit, it is desirable that both \jlA and |xB be values close to jLtl . This makes the follow-up performance of a 
plurality of diversity reception circuits adaptively change while maintaining close correlation with each other, enabling 

so quick formation of desired directivity 

[0011] In still another preferred mode of the present invention, only a diversity reception circuit with high environment 
follow-up capability is operated in an initial state of directivity formation, then the environment follow-up characteristics 
of other non-operating diversity reception circuits are updated and their operations started based on its environment fol- 
low-up characteristic. This reduces power consumption of the circuits, 

55 [0012] The directive reception mode using the adaptive array antenna of the present invention multiplies reception 
signals of a plurality of antenna elements by weighting coefficients, then uses a plurality of diversity reception circuits 
that combine those signals as the reception output to carry out directive reception and selects the optimum signal from 
the reception signals output in parallel. It is possible to update weighting coefficients step by step and change the envi- 
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ronmerrt follow-up characteristic of each diversity reception circuit by changing the amount of update per step. It is desir- 
able that the amount of update per step of the weighting coefficient in a non-selected diversity reception circuit be 
changed based on the amount of update of the selected diversity reception circuit 

[0013] It is also possible to receive a baseband-spread signal transmitted from a mobile body using the adaptive direc- 
5 tive reception method of the present invention and restrain the field intensity of the transmission wave to reduce inter- 
ference between signals on a same frequency band, 

E0014] The directivity communication method using the adaptive array antenna of the present invention not only per- 
forms high-speed reception directivity formation by selecting the outputs of a plurality of diversity reception circuits but 
also carries out directivity transmission using directivity formation information of a selected diversity reception circuit, 

10 f001 5] The adaptive array antenna apparatus of the present invention comprises at least one directive reception cir- 
cuit that selectively receives only radio waves passing through a specific path from among incoming radio waves via a 
plurality of antenna elements and a plurality of paths. The directive reception circuit comprises a plurality of diversity 
reception circuits operating in parallel each having a different environment follow-up characteristic and selects the most 
appropriate output from the outputs of those diversity reception circuits as a reception signal. It is desirable to update 

15 the environment follow-up characteristics of diversity reception circuits which have not been selected in every selection. 
It is also possible to operate only diversity reception circuits with higher environment follow-up performance in an initial 
stage of the reception directivity formation and make other diversity reception circuits non-operable, thus reducing 
power consumption of the circuit 

[0016] Another mode of the present invention provides a combination circuit that applies RAKE-combi nation to the 
20 reception outputs of a plurality of directive reception circuits. This makes it possible to increase reception power. 

[0017] Still another mode of the present invention also carries out directivity transmission using information to form 
reception directivity This improves the communication quality in mobile communications. 

[0018] The adaptive array antenna apparatus of the present invention can be used for a CDMA-based communication 
apparatus and a base station apparatus for CDMA communications. 

25 

Brief Description of Drawings 
[0019] 

FIG. 1 is a block diagram of an embodiment of adaptive array antenna apparatus of the present invention; 
FIG,2 is a block diagram showing an internal configuration of a directive reception circuit shown in FIG. 1; 
FIG. 3 is a block diagram of another example of directive reception circuit; 

FIG.4 is a flow diagram showing a characteristic operation of the directive reception circuit in FIG,3; 
FIG.5 is a block diagram of another example of directive reception circuit; 

FIG.6 is a flow diagram showing a characteristic operation of the directive reception circuit in FIG.5; 
FIG. 7 is a block diagram showing an interna! configuration example of a base station apparatus for mobile radio 
communications; 

FIG.8 is a flow diagram showing a characteristic operation of the directive reception circuit in FIG/7; 
FIG.9 is a block diagram showing an internal configuration example of an adaptive array antenna apparatus with a 
directivity transmission function; 

FIG. 10 is a flow diagram showing a characteristic operation in directivity transmission of the adaptive array antenna 
apparatus in FIG.9; and 

FIG.1 1 is a drawing to explain the principle of directive reception of the adaptive array antenna apparatus. 
45 Best Mode for Carrying out the Invention 

[0020] With reference now to the attached drawings, the embodiments of the present invention are explained below, 
(Embodiment 1) 

50 

[0021] FiG,1 is a block diagram of an adaptive array antenna apparatus of Embodiment 1 . 

[0022] The adaptive array antenna apparatus outputs a signal resulting from multiplying signals received through a 
plurality of antenna elements by weighting coefficients Wr (i m 1 ( 2, n) and finding a sum of them. Even if the antenna 
elements themselves have no directivity it is possible to change directivity by adaptively controlling the weighting coef- 
55 ficients. That is, it is possible to create points {null points) without directivity in an arbitrary direction, 

[0023] For example, when a desired signal arrives from the direction indicated by reference symbol 701 in FIG.12 and 
an interference signal arrives from the direction indicated by reference symbol 702, if reception directivity 703 is 
directed toward the desired wave, the desired wave is received strongly while the interference signal is received weakiy, 
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which makes it possible to improve the quality of the reception signal. 

[0024] In RG.1, base station 103 plays a role of a relay in CDMA communications. Base station 103 comprises 4 
antennas 104 to 107. Radio waves transmitted through antennas 101 and 102 of mobile station (e.g., automobile) 100 
are received using this group of antennas. The radio waves arrive at antennas 1 04 to 107 via path 1 and path 2, 
s [00253 The received analog signals are converted to intermediate frequency signals (JF) and amplified in circuit block 
108 and inputted to radio signal processing section 109- In the radio signal processing section, demodulation circuit 110 
performs quadrature demodulation and the demodulated signals are converted to digital signals by A/D converter 111, 
The converted digital signals are inputted to directive reception circuits (adaptive diversity reception circuits) 1 12a and 
112b. 

10 [0026] In the present embodiment, directive reception drcuit 1 1 2a is provided to select vely receive radio waves arriv- 
ing from mobile station 1 00 via path 1 and directive reception circuit 1 12b is provided to selectively receive radio waves 
arriving from mobile station 100 via path 2. 

[00271 In the present embodiment, the signals received by directive reception circuits 1 12a and 1 12b are combined 
by RAKE combination circuit 117 and transmitted to a switched network or another base station via interface circuit 1 1 8. 
16 [0028] What is noted here is that directive reception circuits 1 1 2a and 1 1 2b comprise a plurality of diversity reception 
circuits with different communication environment follow-up characteristics and a selector that selects the output of 
each diversity reception circuit. 

[0029J As shown in the figure, directive reception circuit 1 12a comprises 3 diversity reception circuits 113, 114 and 
115 with different communication environment faitow-up characteristics and selector 116, 
20 [0030J Each of diversity reception circuits 1 1 3 to 1 1 5 multiplies a signal received by each of antenna elements 1 04 to 
107 by a weighting coefficient and combines those signals to form desired reception directivity. Selector 1 16 compares 
the quality of the combined signals output from the diversity reception circuits and selects the signal with the highest 
quality. 

[0031 3 FIQ.2 shows an internal configuration of diversity reception circuit 113. Diversity reception circuits 1 1 4 and 115 

26 also have the same configuration. 

[0032J As shown in the figure, diversity reception circuit 1 13(114 and 115) comprises reception directivity control cir- 
cuit 127, multipliers 120, 121 1 122 and 123 that multiply a weighting coefficient output from reception directivity control 
circuit 1 27 by the input signals from antennas 1 04 to 1 07, adder 1 24 that combines the outputs of the multipliers, deter- 
mination ci rcuit 1 25 that determines the output of adder 1 24, error detector 1 26 that detects an error between the output 

30 of adder 1 24 and the determination result of determination circuit 125. 

[0033] In diversity reception circuit 1 13 (1 14 and 1 1 5) with such a configuration, a directivity pattern is formed during 
reception as follows. 

[0034] That is, suppose a signal from each of antennas 1 04 to 107 is Si(t) in vector expression and a weighting coef- 
ficient (weight) output from reception directivity control circuit 127 is Wi, then the output of adder 124 S(t) is expressed 
36 in expression (1) below. 

4 

S(t)=YSi(t)*Wi* (1) 

40 M 
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[0035] The asterisk symbols added to W in expression (1 ) denote conjugate complex numbers. 
[0036] Determination circuit 125 determines the output of adder 124, Suppose the determination result is D(t), then 
60 . error detector 1 26 outputs the difference (error) between D(t) and S(t) and gives it to reception directivity control circuit 
127. Based on this, reception directivity control circuit 127 updates the weighting coefficient (weight) values so as to 
reduce the error. 

[0037] For example, reception directivity control circuit 1 27 updates the weighting coefficients as shown in expression 
(2) below. 



W(ttf)mW(t)+ii{DltyS{f)ySf{t) (2) 
[0038] If expression (2) is expressed using a matrix, it is expressed as shown in expression (3) below, and therefore 
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the value is updated for every weighting coefficient as shown in expression (4). 
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[0039] In expressions (3) and (4), is an update coefficient of a weighting coefficient and the amount of change by 
one update of a weighting coefficient depends on this value "jr. Jn the present embodiment this update coefficient juu is 
changed between diversity reception circuits 1 13 and 1 14 that operate in parallel, making each communication environ- 
ment follow-up characteristic differ. That is, px is a parameter that decides the environment follow-up characteristic of a 
directive reception circuit. 

[0040] In the paragraphs beiow,_the operation of a diversity reception circuit is explained in detail also taking expres- 
sions (1) to (4) above into consideration. 

[0041] Diversity reception circuits 113 to 115 each multiply the input signals from antennas 104 to 107 by weighting 
coefficient (weight) wi, combine them into signals Sl(t) to S3{t) and output them. Update coefficients jut of weighting 
coefficients (weights) in diversity reception circuits 1 13, 1 14 and 1 1 5 at this time are jx1 , and fji3 and the update coef- 
ficient values are values varying in size and having a relationship of fxl < p2. < ju,3. 

[0042] If the transmitting side (that is, mobile station 100 in FiG,1) is stopped, output S1 (t) of diversity reception circuit 
1 1 3 corresponding to >1 " whose weighting coefficient (weight) has high convergence accuracy has the best reception 
quality, and therefore S1 (t) is selected. 

£0043] However, once the transmitting side starts moving, following-up with jjl1 becomes difficult, and the reception 
quality of output signal S2(t) of the diversity reception circuit corresponding to jx2 which is greater than ja1 is better 
Therefore, selector 116 switches the signal to be selected from S1 (t) to S2{t). 

[0044] As the transmitting side moves faster, following-up with )x2 also becomes difficult, and output signal S3(t) of 
diversity reception circuit 1 15 corresponding to jm3 which has the highest follow-up characteristic Is selected. 
[0045] As shown above, in the present embodiment, a plurality of diversity reception circuits with different weight 
update coefficients operate independently and adaptively to the environment, output directive reception signals and 
select the signal with the best quality. This allows accurate formation of reception directivity adaptable to the direction 
of incoming radio waves not only when the transmitting side is stopped or moving slowly but also when the mobile body 
is moving fast and the direction of incoming radio waves changes drastically. 

(Embodiment 2) 

[0046] FIG.3 is a block diagram showing a configuration of the main part of an adaptive array antenna apparatus of 
Embodiment 2 of the present invention. 

[0047] The configuration of directive reception circuit 200 in FIG.3 is basicalfy the same as that of directive reception 
circuit 1 12a in FIG,1 , but directive reception circuit 200 differs in that it is provided with coefficient assignment control 
circuit 201. 

[0048] The following is an explanation of characteristic operations of directive reception circuit 200. 
[0049] In the present embodiment, every time selector 1 1 7 selects the output of one diversity reception circuit, weights 
and weight update coefficients of the other two diversity reception circuits are updated based on the weight and weight 
update coefficient of the selected diversity reception circuit and the selection continues. 

[0050] That is, instead of operating in vain a diversity reception circuit which has not been selected by a first selection, 
its weight and weight update coefficient are adaptively changed so as to output a vaiid reception signal at the next 
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selection, thus improving the reception accuracy. 
[0051] The following is a detailed explanation; 

[0052] Diversity reception circuits 113,114 and 1 1 5 multiply the input signals from antennas 1 04 to 1 07 by weighting 
coefficients and combine them and output directive reception signals S1(t), S2(t) and S3(t). 

[0053] The weights (weighting coefficients) at diversity reception circuits 1 1 3 to 1 1 5 at this time are W1 , W2 and W3, 
and the weight update coefficients are |x1, ja2 and fjt3, respectively. jx1 f p.2 and \x3 have a relationship of ^1 < ^2 < ul3. 
[0054] Selector 117 finds the reception quality of Sl(t), S2(t) and S3(t), compares them and selects signal Si(t) 
(1 m^3) of the best reception quality. 

[0055] Then, coefficient assignment control circuit 201 assigns the weight (one of W1 to W3) of the diversity reception 
circuit corresponding to Si(t) selected by selector 117 to a non-selected diversity reception circuit. 
[0056] That is, the weight (weighting coefficients) of the non-selected diversity reception circuit is obviously inappro- 
priate in respect of accurate follow-up to the environment compared to the weight of the selected diversity reception cir- 
cuit, and as long as the weight remains the same the diversity reception circuit which has not been selected by the first 
selection is thought to be unable to further output appropriate reception signals. Therefore, once the first selection is 
made, the weight value of the selected reception circuit is set as the initial value of the weight of the other reception cir- 
cuits. 

[0057] Then, coefficient assignment control circuit 201 finds weight update coefficients jiA and jjiB which have a rela- 
tionship of jxA < jii < \iB centered on weight update coefficient \u (i=1, 2 and 3) and assigns p.A and jxB as the weight 
update coefficients of the remaining diversity reception circuits. \iA and pB are approximate values. 
[0058] Weights and weight update coefficients are assigned every time a selection is made. As a result, every time a 
signal to be selected is changed, weights and weight update coefficients in the non-selected diversity reception circuits 
are updated. 

[0059] That is, if the output of one diversity reception circuit is selected, not only the weight of the diversity reception 
circuit is set to the other diversity reception circuits, but also \iA and fJiB which have a relationship of |iA < ]xi < are 
assigned as the weight update coefficients of the remaining diversity reception circuits, Coefficient assignment control 
circuit 201 then detects how the quality of a reception signal changes depending on a difference in the weight update 
coefficients, starting with the same weight and selects the best one from them, and repeats this procedure so as to 
make both weights and weight update coefficients dynamically follow up changes in the communication environment. 
[0060] The updating operation of weight update coefficients is summarized in FIG.4. 

[0061] That is, coefficient assignment control circuit 201 detects weight update coefficient jii (i=1 p 2, 3) for selected 
Si(t) (step 210), finds jiA and \iB which satisfy a relationship of jxA < pd < pB (step 21 1), and sets \iA and piB in the non- 
selected diversity reception circuits (step 212). 

[0062] According to the present embodiment as described above, every time the output of each diversity reception 
circuit is selected, it is possible to find a weight update coefficient close to the weight update coefficient centered on the 
optimum weight update coefficient and assign it to the remaining non-selected diversity reception circuits and make 
them fellow up the moving condition of the transmitting side, thus making it possible to accurately update weighting 
coefficients. 

(Embodiment 3) 

[0063] FIG .5 is a block diagram showing a configuration of the main part of an adaptive array antenna apparatus of 
Embodiment 3 of the present invention. 

[0064] The basic configuration and operation of the circuit of the present embodiment are the same as those of the 
aforementioned embodiment. In the present embodiment, however, 2-stage control is performed through the function 
of operation control circuit 300; first control intended for high-speed convergence and second control intended for accu- 
rate convergence. 

[0065] A detailed explanation is given below. 

[0066] First at the start of a reception operation, operation control circuit 300 operates diversity reception circuit 1 15 
corresponding to weight update coefficient jx3 that converges fast In the meantime, it stops operation of remaining 
diversity reception circuits 1 13 and 1 14. 

[0067] Selector 1 1 6 finds the reception quality of output signal S3(t) of diversity reception circuit 1 1 5. When a variation 
per predetermined time of the reception quality obtained is within the range of a preset threshold, control circuit 309 
determines that the weight has almost converged. 

[0068] Then, it sets the converged weight value as the initial value of diversity reception circuits 1 1 3 and 1 1 4 that have 
not been operating so far. It also finds weight update coefficients {i1 and &2 which have a relationship of ^1 < |A2 < jji3 
and have mutually approximating values, sets them in diversity reception circuits 113 and 1 14 that have not been oper- 
ating and starts a directive reception operation. Selector 1 16 selects the output with the best quality from among the 
outputs of diversity reception circuits 1 1 3 to 1 15. In this way a directive reception signal has been obtained. 
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[0069] That is, at least one of a plurality of reception circuits is operated initially, and then the same weight as the 
weight in the operating reception circuit is set in the other reception circuits. Then, a weight update coefficient which is 
slightly different from the weight update coefficient of the operating reception circuit is set in the other reception circuits 
and a reception operation is started. Selector 11 6 detects how the quality of the reception signal changes depending 
5 on a difference in weight update coefficients and selects the best one from among them and repeats this procedure so 
as to make both weights and weight update coefficients dynamically follow up changes in the communication environ- 
ment. 

[0070] The weight update coefficient change operation is summarized in FIG.6. 

[0071]. That is, only the diversity reception circuit with fast converging weight update coefficient ja3 is operated (step 
w 310), and if it converges (step 311), jul1 and jjl2 which satisfy a relationship of jx1 < \i2 < jx3 are selected {step 312), 
weights of the other diversity reception circuits are updated and a reception operation is started (step 313). 
[0072] As shown above, even if the direction of an incoming signal varies drastically when a mobile station moves fast, 
the present embodiment allows high-speed weight convergence and accurate updating of weights following up changes 
in the communication environment. Furthermore, in the high-speed follow-up stage, only one diversity reception circuit 
is is operated, which also allows a reduction of power consumption of the circuit 

(Embodiment 4) 

[0073] The present embodiment utilizes the weight update coefficient used for the formation of reception directivity 
bo also for the formation of transmission directivity. 

[0074] FIG.7 is a block diagram showing a configuration of a diversity communication apparatus of Embodiment 4 of 
the present invention. 

[0075] In FIG.7, base station 103 functions as a relay for radio communications between mobile station 100a and 
mobile station 100b. 

25 [0076] The configuration and operation of the section that performs reception operation are the same as those 
described in the aforementioned embodiment. That is, weight update coefficients in diversity reception circuits 113 to 
11 5 are jx1 , \i2 and jjt3, respectively and they have a relationship of |i! < |i2 < pte. 

[0077| If mobile station 100a on the transmitting side is stopped, the output of diversity reception circuit 113 corre- 
sponding to >1" whose weight has high convergence accuracy has the best reception quality, and therefore this is 

30 selected. However, once mobile station 100a starts moving, following-up with |x1 becomes difficult, and the output of 
diversity reception circuit 1 1 4 corresponding to j*2 which has a greater weight update coefficient than |x1 is selected. As 
mobile station 100a on the transmitting side moves faster, the following-up with ja2 also becomes difficult, and thus the 
output of diversity reception circuit 115 corresponding to jut3 which has the highest follow-up performance is selected. 
This is the operation of directive reception. 

35 [0078] Then, the operation when directivity is transmitted to mobile station 100a using a transmission wave with the 
same frequency as that of the reception wave is explained below. 

[0079] In order to perform this directivity transmission, base station 103 comprises transmission signal formation sec- 
tion 400, D/A converter 403, quadrature modulator 404 and transmit amplifier 405, 

[0080] Transmission signal formation section 400 comprises baseband spreading circuit 401 and transmit beam form- 
40 rng circuit 402. This transmit beam forming circuit 402 has the function of providing the transmission signal with direc- 
tivity by multiplying a plurality of signals to be transmitted by weighting coefficients and controlling the amplitude and 
phase of each signal as in the case of diversity reception circuits 1 1 3 to 1 1 5. 

[0081] in the present embodiment, this transmit beam forming circuit 402 multiplies the transmission signal by the 
coefficients with the same value as the weight update coefficients used in diversity reception circuits 113 to 115 
45 selected at that time, provides it with transmission directivity so as to achieve the highest reception quality in mobile sta- 
tion 100a and transmits it 

[0082] That is, after the signal with the optimum reception quality is found in the reception section, transmission signal 
formation section 400 provides a baseband-spread transmission signal with directivity through transmit beam forming 
circuit 402. using the weight corresponding to the signal selected by selector 116, and transmits it from antennas 104 to 

50 1 07. The transmission frequency is the same as the reception frequency. 

[0083] The characteristic operation in the directivity transmission above is summarized in FIG.8. 
[0084] That is, transmission directivity is formed using the same weight (weighting coefficient) corresponding to the 
reception signal selected by the selector (step 406), and transmitted from a plurality of antenna elements (step 407). 
[0085] As shown above, the present embodiment allows optimum reception to be performed all the time irrespective 

55 of the moving condition of the mobile station and allows transmission with the optimum directivity provided for the 
mobile station, which will improve the communication quality in mobile radio communications. 
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(Embodiment 5) 

[0086] FIG.9 is a block diagram showing a configuration of the main part of an adaptive array antenna apparatus of 
Embodiment 5 of the present invention. 
5 [0087] The conf iguration and operation of the adaptive array antenna apparatus of the present embodiment are tie 
same as those of the apparatus in Embodiment 4. However, when the frequency of a transmission signal Is different 
from that of a reception signal, the present embodiment differs in that it compensates this frequency difference when 
providing the transmission signal with directivity 

[0088] That is, transmission signal formation secfe 506 in the present embodiment comprises beam form convert 
10 circuit 515, which converts weights (weighting qqgK%<wi&) in selected diversity reception circuits 113 to 115 so as to 
compensate the frequency difference and forms transmission directivity with the converted weights (weighting coeffi- 
cients). * 

[00893 The characteristic operation above is summarized in FIG. 10, 

[0090} That is, a weight corresponding to a signal selected by the selector is subjected to conversion processing to 
is compensate tie frequency difference between the transmission signal and reception signal (step 517), directivity of the 
transmission signal is formed using the compensated weight (step 518), and the signal is transmitted from a plurality of 
antenna elements (step 519). 

[0091 ] Even if the frequency of the transmission signal is different from that of the reception signal, this makes it pos- 
sible to realize optimum reception all the time irrespective of the moving condition of the mobile station and transmit sig- 
20 nals to the mobile station with the optimum directivity attached, which will improve the communication quality of mobile 
radio communications. 

[0092] As described above, the present invention can adapt! vefy change reception directivity (and transmission direc- 
tivity) not only when the mobile station is stopped or moving slowly but also when the mobile station is moving fast and 
the direction of an incoming radio wave is drastically changing, which improves the communication quality. 

25 [0093] Furthermore, the present invention can perform transmission/reception directivity formation adaptable to 
changes in the communication environment, realizing optimum reception without increasing the power of transmission 
radio waves. CDMA communications in which users who are assigned codes use a common frequency band are sus- 
ceptible to interference. However, carrying out communications with field intensity suppressed can suppress interfer- 
ence of radio waves, resulting in an increase of the number of users who can communicate using the frequency band 

30 (communication capacity). 

[0094] This application is based on the Japanese Patent Application No.HEl 10-33744 filed on January 30, 1998, 
entire content of which is expressly incorporated by reference herein/ 

Industrial Applicability 

35 

[0095] As is obvious from the explanations above, the adaptive array antenna apparatus of the present invention is 
useful for mobile radio communications, particularly suited to quickly and accurately adapting transmission/reception 
directivity to changes in the communication environment. 

40 Claims 

1, A directive reception method using an array antenna, comprising the steps of: 

preparing a plurality of diversity reception circuits that have different parameter values determining a commu- 
nication environment fblfow-up characteristic and are capable of updating said parameter values; 
inputting signals received Irom a plurality of antenna elements composing said array antenna to said plurality 
of diversity reception circuits; 

operating each of said diversity reception circuits so as to adapt to the communication environment to output 
reception signals; and 

determining the reception quality of each of the outputs of said plurality of diversity reception circuits and 
selecting one of the outputs of said plurality of diversity reception circuits as a reception signal based on the 
determination result. 

2, A directive reception method using an array antenna, comprising the steps of: 

55 

preparing a plurality of diversity, reception circuits that have different parameter initial values determining a 
communication environment follow-up characteristic and are capable of updating said parameter values; 
inputting signals received from a plurality of antenna elements composing said array antenna to said plurality 
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of diversity reception circuits: 

operating each of said diversity reception circuits so as to adapt to the communication environment to output 
reception signals; 

determining the reception quality of each of the outputs of said plurality of diversity reception circuits and 

5 selecting one of the outputs of said plurality of diversity reception circuits as a reception signal based on the 
determination result; and 

updating said parameter values of the other diversity reception circuits based on said parameter values in the 
diversity reception circuit whose output has been selected as the reception signal 

io 3. The directive reception method using an array antenna according to claim 2, 

wherein said step of updating said parameter values of the other diversity reception circuits based on the 
parameter values in the diversity reception circuit whose output has been selected as the reception signal com- 
prises the steps of : 

is obtaining p»A and ptB which satisfy a relationship of jiA < |xl < jlxB, where is the basic parameter value; and 

setting at least one of said iiA and ixB as said parameter value of another diversity reception circuit. 

4- A directive reception method using an array antenna, comprising the steps of: 

20 preparing at least two diversity reception circuits that have different parameter initial values determining a com- 

munication environment follow-up characteristic and are capable of updating said parameter values; 
dividing at least two said diversity reception circuits into ones with greater communication environment follow- 
up performance and others with smaller communication environment follow-up performance, and only operat- 
ing the diversity reception circuits with greater communication environment follow-up performance; 

25 inputting signals received by a plurality of antenna elements composing said array antenna to at least two said 

diversity reception circuits; 

operating said diversity reception circuits with greater communication environment follow-up performance so 
as to adapt to the communication environment to output the reception signals and; 

detecting that variations of said parameters have converged within a predetermined range as a result of said 
30 diversity reception circuits with greater communication environment foltow-up performance operating so as to 

adapt to the communication environment, and obtaining said parameter values that have converged; 
setting parameter initial values in sad diversity reception circuits with smaller communication environment fol- 
low-up performance which are not operating based on said converged parameter values and starting the oper- 
ation of the diversity reception circuits; and 

6 determining the reception quality of each of the outputs of at least two said diversity reception circuits which 
are operating and selecting one of the outputs of said plurality of diversity reception circuits based on the deter- 
mination result as a reception signal 

5. The directive reception method using an array antenna according to claim 4 r 

to wherein the step of setting parameter Initial values in said diversity reception circuits with smaller communi- 

cation environment follow-up performance which are not operating based on said converged parameter values and 
starting the operation of the diversity reception circuits comprises the steps of: 

obtaining jj,C and julD which satisfy a relationship of < *x2 < jxD. where |x2 is a basic parameter value; and 
45 setting at least one of said |liC and ftD as said parameter values of the diversity reception circuits with smaller 

communication environment follow-up performance which are not operating. 

6. A directive reception method using an adaptive array antenna, comprising the steps of: 

50 adapt ively operating each of a plurality of diversity reception circuits which vary in communication follow-up 

performance so as to adapt to the communication environment, outputting reception signals from the diversity 
circuits in parallel and selecting the one with the best reception quality from among those reception signals; 
and 

changing the communication environment follow-up performance of the non-selected diversity reception cir- 
55 cuits every time said selection is made based on the environment follow-up performance of the selected diver- 

sity reception circuit and selecting each of the outputs of said plurality of diversity reception circuits again. 

7. A directive reception method using an adaptive array antenna, comprising the steps of: 
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inputting signals received by a plurality of antenna elements composing said array antenna to each of a plural- 
ity of diversity reception circuits which are capable of multiplying signals received by a plurality of antenna ele- 
ments composing said array antenna by weighting coefficients, then combining those signals to perform 
directive reception, updating said weighting coefficients step by step, controlling variations of said weighting 
5 coefficients per one step using a predetermined parameter value, and in which different values are set as said 

parameters; 

operating each of said plurality of diversity reception circuits so as to adapt to the communication environment 
to output reception signals; 

selecting one of the outputs of said plurality of diversity reception circuits as a reception signal; 

10 setting, every time said selection is made, values close to said parameter values in the diversity reception cir- 

cuit whose output has been selected as a reception signal, as said parameter values of the other non-selected 
diversity reception circuits and thereby changing the communication environment follow-up performance of the 
non-selected diversity reception circuits based on the communication environment follow-up performance of 
the selected diversity reception circuit; and 

15 respecting one of the outputs of said plurality of diversity reception circuits as a reception signal. 

8. A directive reception method using an adaptive array antenna, comprising the steps of: 

preparing a plurality of diversity reception circuits capable of multiplying signals received by a plurality of 
antenna elements composing said array antenna by weighting coefficients, then combining those signals to 
perform directive reception, updating said weighting coefficients step by step, and controlling variations of said 
weighting coefficients per one step according to predetermined parameter values; 

operating one of said plurality of diversity reception circuits under operating conditions of high communication 
environment foliow-up performance and thereby converging said parameter values necessary to follow up said 
communication environment within a predetermined range; 

setting values close to the converged parameter values in said parameters in the other diversity reception cir- 
cuits, making said other diversity reception circuits perform reception operations and selecting one of the out- 
puts of said plurality of diversity reception circuits operating in parallel; 

setting, every time said selection is made, values close to said parameter values in the diversity reception cir- 
cuit whose output has been selected as a reception signal as said parameter values of the other non-selected 
diversity reception circuits and thereby changing the communication environment follow-up performance of tie 
non-selected diversity reception circuits based on the communication environment follow-up performance in 
the selected diversity reception circuit; and 

reselecting one of the outputs of said plurality of diversity reception circuits as a reception signal. 

9* An interference control method in CDMA communications, which controls the field intensity of transmission radio 
waves and reduces interference between signals in the same frequency band by receiving baseband-spread sig- 
nals sent from a mobile station using the directive reception method using an adaptive array antenna according to 

claim 6, 

40 

10. A directive reception method using an adaptive array antenna, comprising the steps of performing directive recep- 
tion and performing directivity transmission, 

wherein said step of performing directive reception comprises the steps of: 

inputting signals received by a plurality of antenna elements composing said adaptive array antenna to each of 
a plurality of diversity reception circuits which are capable of multiplying signals received by a plurality of 
antenna elements composing said array antenna by weighting coefficients, then combining those signals to 
perform directive reception, updating said weighting coefficients step by step, and controlling variations of said 
weighting coefficients per one step according to predetermined parameter values, and in which different values 
are set as said parameters; 

operating each of said plurality of diversity reception circuits so as to adapt to the communication environment 
to output reception signals; 

determining the reception quality of each of the outputs of said plurality of diversity reception circuits and 
selecting one of the outputs of said plurality of diversity reception circuits as a reception signal based on tie 
determination result; and 

updating said parameters of the other diversity reception circuits based on said parameter values in the diver- 
sity reception circuits whose output has been selected as a reception signal, and 
said step of performing directivity transmission comprises the steps of: 
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preparing weighting coefficients for transmission directivity formation with the same value as said weighting 
coefficient in said directive reception circuit whose output has been selected as a reception signal; and 
multiplying signals to be transmitted from a plurality of antenna elements composing said adaptive array 
antenna by said weighting coefficients for transmission directivity formation and controfling the amplitude and 
5 phase, 

11- An adaptive array antenna apparatus, comprising a plurality of antenna elements and at least one directive recep- 
tion circuit that selectively receives only those radio waves that have passed through a specific path from among 
incoming radio waves via a plurality of paths, 
10 wherein said directive reception circuit comprises: 

a plurality of diversity reception circuits which differ in communication environment follow-up performance, 
comprising a multiplication circuit that multiplies signals received by said plurality of antenna elements by 
weighting coefficients, addition circuit for combining the outputs of said multiplication circuit, error detection cir- 
is cuit that detects an error between the output of this addition circuit and a control target value, update circuit that 

updates said weighting coefficients step by step so that said error may be reduced; and 
a selector that selects one of signals output in parallel from said plurality of diversity reception circuits. 

1 2. An adaptive array antenna apparatus, comprising a plurality of antenna elements and directive reception circuit that 
20 selectively receives only those radio waves that have passed through a specific path from among incoming radio 

waves via a plurality of paths, 

wherein said directive reception circuit comprises; 

a plurality of diversity reception circuits which differ in communication environment follow-up performance, 
25 each of which comprising a multiplication circuit that multiplies signals received by said plurality of antenna ele- 

ments by weighting coefficients, addition circuit for combining the outputs of said multiplication circuit, error 
detection circuit that detects an error between the output of this addition circuit and a control target value, 
update circuit that updates said weighting coefficients step by step so that said error may be reduced; 
a selector that selects one of signals output in parallel from said plurality of diversity reception circuits; and 
30 a control circuit that changes the communication environment follow-up performance of the other diversity 

reception circuits based on the communication environment follow-up performance of the selected diversity 
reception circuit every time a selection is made by said selector. 

13. The adaptive array antenna apparatus according to claim 12, 

35 wherein said control circuit changes the communication environment foiiow-up performance of said other 

diversity reception circuits by changing the amount of update per one step of said weighting coefficients. 

14. The adaptive array antenna apparatus according to claim 13, 

wherein the amount of update per one step of said weighting coefficients is uniquely defined by determining 
40 a predetermined parameter value, and said control circuit finds fiA and \iB that satisfy a relationship of jiA < u 1 < 
jxB, where ji1 is said parameter value of said selected diversity reception circuit, sets jjiA and \iB in said other diver- 
sity reception circuits and changes their environment follow-up performance. 

15. An adaptive array antenna apparatus, comprising a plurality of antenna elements and at least one directive recep- 
45 tion circuit that selectively receives only those radio waves that have passed through a specific path from among 

incoming radio waves via a plurality of paths, 

wherein said each of directive reception circuit comprises: 

a plurality of diversity reception circuits which differ in communication environment follow-up performance, 
50 comprising a multiplication circuit that multiplies signals received by said plurality of antenna elements by 

weighting coefficients, addition circuit for combining the outputs of said multiplication circuit, error detection cir- 
cuit that detects an error between the output of this addition circuit and a control target value, update circuit that 
updates said weighting coefficients step by step so that said error may be reduced, wherein the amount of 
update per one step of said weighting coefficients is uniquely defined by determining a predetermined param- 
55 eter value; 

a selector that selects one of signals output in parallel from said plurality of diversity reception circuits; and 
a control circuit that, if said weighting coefficient has not converged, operates a diversity reception circuit with 
follow-up performance appropriate to quickly converge the weighting coefficient, puts other diversity reception 
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circuits in a non-operating state, then after said weighting coefficient has converged, sets a value determined 
based on parameter values of the diversity reception circuits in operation as said parameters in said other non- 
operating diversity reception circuits, starts the operation of said other diversity reception circuits and updates 
the parameter values of the other non-selected diversity reception circuits based on the parameter values of 
5 the selected diversity reception circuits every time a selection is made by said selector, 

16. The adaptive array antenna apparatus according to claim 15, 

wherein said control circuit finds \iA and fiB that satisfy a relationship of |aA < jx1 < \iB, where jx1 is said 
parameter value of said selected diversity reception circuit, sets |xA and jxB as parameter values of said other diver- 
w sity reception circuits and changes their environment follow-up performance, 

17. An adaptive array antenna apparatus, comprising: 

a plurality of antenna elements; 
15 a plurality of directive reception circuits that selectively receive only those radio waves that have passed 

through a specific path from among incoming radio waves via a plurality of paths; and 
a combination circuit that combines the reception outputs of said plurality of directive reception circuits accord- 
ing to a RAKE system. 

wherein each of said plurality of directive reception circuits comprises: 

20 a plurality of diversity reception circuits which differ in communication environment follow-up performance, 

comprising a multiplication circuit that multiplies signals received by said plurality of antenna elements by 
weighting coefficients, addition circuit for combining the outputs of said multiplication circuit error detection cir- 
cuit that detects an error between the output of this addition circuit and a control target value, update circuit that 
updates said weighting coefficient step by step so that said error may be reduced; 

25 a selector that selects one of signals output in parallel from said plurality of diversity reception circuits; and 

a control circuit that changes the communication environment follow-up performance of the other diversity 
reception circuits based on the communication environment foilow-up performance of the selected diversity 
reception circuit every time a selection is made by said selector. 

so 18. The adaptive array antenna apparatus according to claim 1 2, further comprising a directivity formation circuit that 
provides the transmission signal with directivity using the same weighting coefficient as said weighting coefficient 
in said selected diversity reception circuit. 

The adaptive array antenna apparatus according to claim 12, further comprising: 

a compensation circuit that compensates said weighting coefficient in said selected diversity reception circuit 
according to a difference between transmission and reception frequencies; and 

a directivity formation circuit that provides the transmission signal with directivity using a weighting coefficient 
compensated by this compensation circuit 

A CDMA communication apparatus that carries out reception processing on a baseband-spread signal using the 
adaptive array antenna apparatus according to claim 1 2. 

21 . A base station apparatus that carries out reception processing or transmission processing on a baseband-spread 
45 signal received/sent from/to a mobile body using the adaptive array antenna apparatus according to claim 1 8. 

22. A directive reception method using an adaptive array antenna comprising the steps of: 

inputting signals received by a plurality of antenna elements composing said adaptive array antenna to each of 
so a plurality of diversity reception circuits which are capable of multiplying signals received by a plurality of 

antenna, elements composing said array antenna by weighting coefficients, then combining those signals to 
perform directive reception, updating said weighting coefficients step by step, and controlling variations of said 
weighting coefficients per one step using a predetermined parameter value, and in which different values are 
set as said parameters; 

ss * operating each of said diversity reception circuits so as to adapt to the communication environment to output 

reception signals; 

selecting one of the outputs of said plurality of diversity reception circuits as a reception signal; 

setting, every time said selection is made, said weighting coefficient value in the selected diversity reception 
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circuit whose output has been selected as the reception signal as the weighting coefficient value of the other 
non-selected diversity reception circuits and setting values close to said parameter values in the diversity 
reception circuit whose output has been selected as the reception signal as said parameter values of the other 
non-selected diversity reception circuits; and 

respecting one of the outputs of said plurality of diversity reception circuits as a reception signal. 

23- A directive reception method using an adaptive array antenna, comprising the steps of: 

preparing a plurality of diversity reception circuits which are capable of multiplying signals received by a plural- 
ity of antenna elements composing said array antenna by weighting coefficients, then combining those signals 
to perform directive reception, updating said weighting coefficients step by step, and controlling variations of 
said weighting coefficients per one step using a predetermined parameter value; 

operating one of said plurality of diversity reception circuits under operating conditions of high communication 
environment follow-up performance and thereby converging said weighting coefficients and said parameter 
value necessary to follow up said communication environment within a predetermined range; 
setting said weighting coefficient value that has converged as a weighting coefficient of the other diversity 
reception circuits, setting a value close to said converged parameter value in said parameters in the other 
diversity reception circuits, making said other diversity reception circuits perform reception operations and 
selecting one of the outputs of said plurality of diversity reception circuits operating in parallel; 
setting, every time said selection is made, said weighting coefficient in the diversity reception circuit whose out- 
put has been selected as the reception signal as the weighting coefficients of the other diversity reception cir- 
cuits and setting values close to said parameter values in said selected diversity reception circuit as said 
parameters of the other non-selected diversity reception circuits; and 

respecting one of the outputs of said plurality of diversity reception circuits as a reception signal. 

24. An adaptive, array antenna apparatus, comprising a plurality of antenna elements and a directive reception circuit 
that selectively receives only those radio waves that have passed through a specific path from among incoming 
radio waves via a plurality of paths, 

wherein said directive reception circuit comprises: 

a plurality of diversity reception circuits which differ in communication environment follow-up performance, 
comprising a multiplication circuit that multiplies signals received by said plurality of antenna elements by 
weighting coefficients, addition circuit for combining the outputs of said multiplication circuit, error detection cir- 
cuit that detects an error between the output of this addition circuit and a control target value, update circuit that 
updates said weighting coefficients step by step so that said error may be reduced; 
a selector that selects one of signals output in parallel from said plurality of diversity reception circuits; and 
a control circuit that changes the communication environment follow-up performance of the other diversity 
reception circuits based on the communication environment follow-up performance of the selected diversity 
reception circuit every time a selection is made by said selector, 

wherein said control circuit not only sets said weighting coefficient of the selected diversity reception circuit as 
the weighting coefficient of the other diversity reception circuits, but also changes the communication environ- 
ment follow-up performance of said other diversity reception circuits by changing the amount of update per one 
step of said weighting coefficients. 

25. An adaptive array antenna apparatus, comprising a plurality of antenna elements and at least one directive recep- 
tion circuit that selectively receives only those radio waves that have passed through a specific path from among 
incoming radio waves via a plurality of paths, 

wherein said directive reception circuit comprises: 

a plurality of diversity reception circuits, each of which differ in communication environment follow-up perform- 
ance, comprising a multiplication circuit that multiplies signals received by said plurality of antenna elements 
by weighting coefficients, addition circuit for combining the outputs of said multiplication circuit, error detection 
circuit that detects an error between the output of this addition circuit and a control target value, update circuit 
that updates said weighting coefficients step by step so that said error may be reduced, wherein the amount of 
update per one step of said weighting coefficients is uniquely defined by determining a predetermined param- 
eter value; 

a selector that selects one of signals output in parallel from $aid plurality of diversity reception circuits; and 
a control circuit that, if said weighting coefficient has not converged, operates a diversity reception circuit with 
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follow-up performance appropriate to quickly converge the weighting coefficient puts other diversity reception 
circuits in a non-operating state, then after said weighting coefficient and said parameter have converged, sets 
said converged weighting coefficient in said other non-operating diversity reception circuit, sets a value deter- 
mined based on said converged parameter values as parameters of said other diversity reception circuits, 
starts the operation of said other diversity reception circuits and updates the weighting coefficient values and 
the parameter values of the other non-selected diversity reception circuits based on said weighting coefficient 
and said parameter value of the selected diversity reception circuit every time a selection is made by said 
selector. 
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